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both reentry from orbit and ir~pact with the earth, addi-
tional information is continuously sou~ht concerning the
intrrart ion of the heat source with the environment.

Since there arc two goncral environmental conditions
into which a heat source may be deposited on return from
orbit, nanciy, on lard or in water, several variations of
each condition hii”w? been uLilized in experiments at Los
Alamos Scientific l.ahoratory. The discus~ion of these
variations =A-ill incluc!c the conditions, the samples obtaili-
ed, t;~c r:idiocheifiical processin~, and results.

EXPERI:!EYT,IL

Terrestrial cxpcrimcnts arc conduct~d in sealed envi-
ronmental c5a-hers. ?hcsc cknnbcrs. wiLh an internal
Volunl(’ of 1.s c13, cnntain a soil tray tht. is 0.3 meters
deep by 0.9 b:: O.! meters ;.I ar(’a. TIIC chmbcrs ~i-c . -

L“quipprll wit!) cnv irunmcnt control equipment including
hcat(’rs and rrfrit~.raticn fcr tr.n;)eraturc control, and
humidifier and d’:ll~cnidificr coils for llumiclity control.
Each cl]a::.!’(’r is (.:;qjipprd witl! :1 spra:: head that can provide
a rclrl~ivt.!:; u~]!f,~rm rain ov(.r the suri:lct- of tllc soil tray.

This
gc)ll(,
mc’11L

have
ThcsL uqu.nrium:. h.lvc heaters nnd rcfri~cr:ltioll systrms for
tcmp(~ratllr~’ control. I’rrsh wulcr has 11.w’n utilizcxl in
cxpc’rimcnLs ;It 10”C ilnd 37°C. Sources llscd in aquaLic
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experiments were usually
about 6 g for 10U source

cylindrical in shape and weighed
power expcrirncnts to 60 g for

high source power experiments. Samples obtained ~rom these
experiments were aliquots of the aqueous phase.

A variation of the aquatic experiments involved plac-
ing the source on a tray equipped to cycle into and out of
the water twice a day. This experiment, conducced in -
simulated seawater represents a source lying in a tidal
basin. In addition to ali.quots af the aqueous pliasc,

- ~amplc+s of ?and froa rhe tray on the bottom of the aquarium
and a piece of the source were removed for analyses.

Other expcrinents ticing conducted include aquatic con-
ditions in glass chambers, a high pressure seawater exper-

- imcnt, particle size volubility studies in lx I{CIOk, ionic.,
and particulate plutonium on soil columns, and tests to

-determine ionic verslls particulate form. .-

Ra~~iochernical 7JrOCeSSi!IE and analyses of the samples
are rather strai@rforwnrd. Rainwater samples arc quanti-
tatively transferred to beakers, acidified with lISOj and
a trace o: HF, and reduced in volume b:: Ileating. Tile result-
Icg small sa=plc is quanritativ~ly transferred to a v;ctls-
mctric flask WIG diluted Lo L’uiuuw witil 0.5X RJG3. All

aliqu~t is th~m cctmted by liquid’.scintilla~ ion using a
commercial lnstrumnt. ,1 courncrcial cockt~il, to which
0.1.% D-2-EL’I’A is acldcd, is used in a ror.tine lunner. .II
condensate sanplc is treated in the sam manner except that
only a 4 li!~’r aliquot of tlIc total 20 liter sample is
proccssvd. Soil cares arc cut into scgncnts, dried, l<eiglled,
and dissolved u:;ing HX03- IIF followed by }1:{03 - Hcloq. T!lc
final solution is troatcd in the same manner as a rainwalcr
or condensate’. ,\llquots of aquarium WiltCrS are pipettcd
directly into tl)c cocktail and counted.

RESULTS

TcrrcsLrial lZxpcrimcnts

Two types of soils, sand and loam, were used in the
terrestrial studies. Lar~c picccs and fines OF the same
sourer were placed cm each type of soil. ilxpcrimcnts using
loam were conduttcd on a humid winter-sumincr cycle, whereas
experiments using sand were on an arid winter-surmncr cycle.
These experiments arc st 11 in progrc=s but ~omc prelimi-
nary results are availahlc at this time.

There appears to be a +i~nificant rc!lcasc of plutonium

from the lar~c piuces of sourrc mn;cr~nl upon contact with
L.
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rain. These rclcascs arc attributed to thermal spallatlon
because the surface temperature of a large piece is higher
than that of fines. Several alr filter tests have been
conducted covcrirtg the time ~nterval before, during, and
after a rain. In a chamber containing large pieces the
airborne plutonillm concentration increased by four orders
of magnitude during the first 5 minutes of the rain md
then decrca~ecl until it reach~d prerain levels about 1 to
2 h after the rain. In a clmmber containing flncs there
was no significant incrcasc in airborne plutonium ~hen the
~ain commenced, hut Lhcre was a reduction of a factor of
10 after the rain, w:~ich attributed to a cleansing
effect of the rain.

In all cases plutonium was seen in the percolated
rainwaLcr coilcctcd during and after the first rain sub-.-
scqucnt to source implantation. This result suggests that
plutonium migrates in the particulate norm and the migra- .
tion rate is independent of soil type.

In a majority of the core samples most of the pluto-
nium was present in the top lay~r of the soil (O-5 cm).
The other layers conLaincd measurable ~nwuuts of plutonium
but usually si[nificantlv Icn. than the top layer. There
were a numb:?r 0[ (.orc.s LIJCIL c~ntzincd a sa~ztszzizl sxount
of plutonium at some intc.rmcc!iatc de] Lb, hiic no consistent
trend could bc discerned.

Three soil columns, containing silt loam (840 pm to
1650 Dm in diameter) with approximately 3 mg of 23%’llfJ2
on LhQ surface of each soil, have been in operation for
about 1000 days. These columns are being eluatcd with
distilled water. There i< a continuous low lLYJC1 release
of plutoniun, 20 pg/1, hut almost 902 of the released
plutonium was collected during the first 5 days of the
experiment. These results a~ain suggest that plutonium
migrates in the particulate form.

Aquatic Experiments

Table” I is a summary of the aquatic environment
experiments. Scvc.ral obscrvati.ons can be made concerning
the data. First, the lowest release rate is seen in warm
seawater, a condition that may occur in an isolated tidal
pool or in the tropics. The highest release rates are
observed in the cold fresh water systems. Ihird, at this
time no significuncc is attached to the variation in release
rates resulting from the different thermal power of the
sources. The substantial difference in the release rates
betwcrn fresh WOLCr and seawater cxpc!rimcnts indicates

‘ that removal reactions arc occurring in ~hc seawater -- -
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TABLE I
SUMMARY OF RELEASE RATES FROM PPO IN.,

AQUATIC EIWIRONMENTS

WATER Pcnm? TIME TEMP.
(v)

RELEASE RATEn (days) (“C) (nCi/m2-s)

FRESH 2.5 1633 10 171
FRESH 25 1610 10 460

SEA 2.5 1660 10 7.?
SEA 25 1615 10 12

SEA 2.5 993 37 2.’?
SEA 25 96[3 37 2.3
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experiments that do not occur in fresh water, or are
occurring at a faster rate, or that the release rate is

1

I substantially reduced in seawater, or a combination of all
three.

A variation of the aquatic cxpcrirnent was the tidal
basin, In this aquarium the source was placed on a tray
chat was cycled into and cut of the water twice a day.- – “-”
Figure 1 is a Craph of the plutonium concentration in the
water. Note the initial increase of plutoriuro to a peak

at about day 40. After that time there appears to be a-‘—‘-~
graduai decrease.. On day 103 a crack was noted in the
face of the source and on day 393 the source had split into
two pieces. By Jay 404 there were 7 pieces, and at the
present time there are over 30 pieces. The sharp increase
in plutonium concentration starting abaut day 400 is -. -- -.
attributed to the exposure of new surface. A~ain a peak
-followed by a decrease is seen. On day 451 the elevator ---
motor failed and the source was left submerged. The cause
of the increasj.n~ plut~ Iium level to tilepresent time is
not known.

1

I

Because. of the possibility of plutonium remaval by
plating out on the walls or settling to the floor of the
aquarium, a glass chamber wa. dcsignecl which ~:ould permit
total recovery of plutonium after tcrmi~ation of the
experiment. An indication of the magnitude of this problem
may be seen in the tidal experiment. Sand samples f:om
the tray on the bo!torn of the aquarium [~cre removed and

analyzed for p~uLCmium. The results, averaged over ttle
area of the tray, imply that there are 28 mg of plutonium
on the bottom of the aquarium. A total of 0.35 mg is
estimated to be in the aqueous phase. ~

An initial cxpcrimcnt i.nthe glass chamber designea
to measure a mogn~tude of tl]epldte-out error, revealed
that a determination of plutonium released based on a
rneasurrmcnt of tileplutonium level in the aqueous phase
would be :CIW by 38Z. This error is not as large as expected
on the basis of the tidal Experiment, but t-he source con-1

~ figurations differ significantly.

Additional experiments to determine a “total source”
term have been conducted in the glass chambers. Illone

I case a bare source was sealed in a dry chamber for 454
days. Tllc total plutonium recovered from the chamber,
excluding the source itself, was 1.41 Llg. This source was
then suhmcrgccl in deionized water for 30 min. Again the

I chamber was proccssrd to determine the total plutonium

j.released. In this case 49 llgwere rcc.ovcred. The first ~
..
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experiment indicated that a small amount of plutonium is
released from the surface of a dry source by recoil. The ~
second experiment was in agreement with a proposal by ~
R. L. Fleischer. This proposal suggests that the applica-
tion of a solvent to the surface will remove a significant
quantity of plutonium that has been loosened by alpha decay
process near ttlesurface.1 The next experiment in the
sequence would be to allow the source to--reach equilibrium
in air and then restibmerge it. Vhis test would permit a
determination of the contribution of thermal spallation
to the total release. Before this ;est-could be accomplish-
ed the source split into three pieces. Since there was
no longer a good estimate of surface area the experiment
was terminated.

I
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— —.24any of the experiments described above and-others not
described are still in progress at this time. The tenta-
tive conclusions mentioned are subject to change as more
data become available. Additional experiments in progress
are designed to determine the state of the plutonium in
the aqueou~ phase, ionic or particulate. Additional
terrestrial experiinents are in the planning stages as are ~
experiments in the glass chambers.

REFERENCES

; 1. R. L. Fleischer, Health Phys., ~, 6!2(1975).

R. 1..Fleischer, and O. G. Raabe,
253 (1.977).
R. L. F1.eisc!ler,and 0, G. Raabe,
Acts, 42, 973 (1978).1
R. L. ~l-eischer, and O. G. Raabe,
545 (1978).

I
{

Health Pnys., ~,
(

Geochim. Cosmochim.

~
Health I’hys.,35,

I



. ., ...- —.I
cxpcrimcnt indicated that a small amount of plutonium is
released from the stlrfacc of a dry source by recoil. The
second ctiper”irentwas in agreement with a proposal by
R. L. Fleischer. This proposal suggests that the applica-
tion of a solvent to the surface will remove a significant
quantity of plutonium rha; has been loosened”by alpha decay
process near the surface. The next experiment in the
sequence would be to allow the source to reach equilibrium
in air and then resuhmcrge it. This test would permit a
dcLermination of the contribution of thermal spallation
-to the total release. Before this test-could be accomplish-
ed the source split into three picccs. Since there was
no longer a good estimate of surface area the experiment
was terminated.
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Flany of the experiments described above and others not
dcsuribcd arc still in progress at this time. The tenta-
tive conclusions menticncd are subject to chanrge as more
data become available. Additional experiments in progress
are designed to determine the state of the plutonium in
the ?.queous phase, ionic or particulate. Additional
terrestrial expciinents are in the.planning stages as are
experiments in the glass c;lambers.
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